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(57) Abstract: A receiver for efficiently synchronising itself with a signal having the frame structure shown in Figure (1). Each 
power control period (PCP) of the received signal contains a primary synchronisation sequence (PSCH) in one of its slots. The re- 
ceiver correlates the known PSCH against the received signal to determine the position of the PSCH in the received signal and thereby 
synchonise itself with the received signal. To conserve processing resources, the correlation can be truncated where a sufficiently 
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TIME ALIGNMENT IN A CDMA SYSTEM 

The invention relates to methods and apparatus for time aligning a receiver with a received 
signal. In particxilar, the invention relates to determining the position of a known 
synchronisation marker or data-string in a received signal to facilitate the carrying out of 
other processes (such as frequency locking and data decoding) on the received signal. 

The frame structure of a signal received by, for example, a mobile telephone, is shown in 
Figure 1. The received signal comprises a sequence of consecutive chips, each of a fixed 
duration. Each chip comprises a pair of I (in-phase) and Q (quadrature) values and in that 
sense each chip, r, is a complex number r = rx + j ry, where rx and ry represent, respectively, 
the I and Q values comprising the chip. Each of the IQ chip pairs can be thought of as a 
symbol. As shown in Figure 1, the frame structure comprises a frame 38400 chips long. 
TTae frame is constituted by 15 consecutive power control periods (PCP), each 2560 chips 
long. Each PCP comprises 10 consecutive slots, each 256 chips long. One of the slots (in 
each PCP) contains a synchronisation word (SW) which is 256 chips, or symbols, in length. 

The apparatus receiving the signal of Figure 1, searches the received signal looking for the 
synchronisation word (SW) so that the receiver can time align itself with the received 
signal to achieve frequency locking and correct decoding of the received information. 

Conventional methods of time-aligning a receiver with a received signal are time 
consuming and computationally intensive. 

The present invention aims to ameliorate these problems. 

According to one aspect, the invention provides a method of synchronising a receiver to a 
received signal comprising a series of chips arranged in successive periods, the method 
comprising correlating a synchronisation word with a number of period lengths of the 
received signal, accumulating the correlation results to produce first cumulative correlation 
resuhs, and examining, the first cumulative correlation results to detemiine the position of 
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The threshold used in the truncation may be predetermined or it may be detemiined 
dynamically. 

In the synchronisation process, the receiver operates on a test section of the incoming 
signal which is at least one period length in duration. Preferably, the receiver operates on 
a section which is 3 to 8 period lengths in duration. Of course, the number of 
period-lengths used in the correlation process will be reduced where the truncation 
intercedes.- 

In a preferred embodiment, the receiver is a UMTS receiver and the synchronisation word 
is a primary synchronisation sequence, PSCH. 

By way of example only, an embodiment of the invention will now be described with 
reference to the accompanying figure in which: 

It will be apparent that a period length need not be synchronised with the periods of the 
received signal. 

Figure 1 illustrates the frame stmcture of a received signal. 

In this embodiment, the receiver operates on a signal having the frame structure discxissed 
earlier with reference to Figure 1. The receiver performs the synchronisation process by 
operating on a test length of the received signal which is (according to default criteria) 6 
PCPs long. 

The receiver correlates the SW with the PCP length using the equation: 
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It is possible to translate the chip boundaries iq the test section by a one-half chip offset 
The correlation process can then be repeated, calciilating a power array for each 
PCP-length and building up another final power array. This new final power array will 
contain a maximum value indicating the initial chip of the SW in the received signal. The 
maximum values from the original final power aixay and the new final power array can be 
compared and the greater of the two be taken to indicate the position of the initial chip of 
the S W in the received signal. It will be appreciated that this is a way of increasing the 
resolution of the process of locating the S W in the received signal. Furthermore, it will be 
appreciated that the chip boundaries in the test section could be shifted by other fractions of 
a chip. In fact, a fmal power array could be calculated for each of any number of offsets 
(edch offset being a different fraction of a chip) to increase the resolution further. 

To expedite the determination of the SW position in the received signal, a truncation 
decision is used in the process of calculating a final power array. Prior to beginning the 
calculation of a Pk array for each of the second and subsequent PCP lengths (here, the 2nd 
to 6th PCPrlengfhs), the receiver checks the cumulative power array to determine if any of 
the k elements therein exceeds predetermined a threshold. If so, the cumulative power 
array becomes the final power array and no further PCP lengths are processed in the 
creation of that final power array. 

Where plural final power arrays are created (on the basis of different chip-fraction offsets), 
it will be apparent that each final array must be based on the same number of accumulated 
power arrays Pk (or PCP-lengths). Otherwise, the final power arrays could not be 
compared on a fair basis for detennining the position of the synchronisation word on the 
received signal. Hence^ if a truncation of the number of PCP-lengths processed occurs in 
the creation of flie first final power array, then the same truncation is applied in the creation 
of all the subsequent final power arrays (without recourse to threshold comparison). 
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7. A method according to claim 5 or 6, wherein the step of examining cumulative 
correlation results comprises locating a maximum correlation value in the cumulative 
correlation results. 

8. A method according to claim 7, wherein, in the step of examining cumulative 
correlation results, a located maximum correlation value is deemed to indicate the 
beginning of the synchronisation word in the received signal. 

9. A computer program for implementing the method of any one of the preceding claims. 

10. Apparatus for synchronising a receiver to a received signal comprising a series of chips 
arranged in successive periods, the apparatus comprising correlating means for 
correlating a synchronisation word with a number of period-lengths of the received 
signal, accumulating means for accumulating the correlation results to produce first 
cumulative correlation results, and examining means for examining the first cumulative 
correlation results to detennine the position of the synchronisation word in the received 
signal, wherein the apparatus further comprises truncating means for truncating said 
number where the first cumulative correlation results exceed a threshold. 

11. Apparatus according to claim 10, further comprising displacing means for displacing 
the beginnings of the period-lengths to produce shifted lengths and conforming means, 
wherein the correlating means is arranged to correlate the synchronisation word with a 
number of shifted lengths to produce second cumulative correlation results, the 
exarnining means is arranged to examine the second cumulative correlation results to 
detennine the position of the synchronisation word in the received signal and the 
conforming means is arranged to conform the said number of shifted lengths to the 
number of lengths used to generate the first cumulative correlation results. 

12. Apparatus according to claim 11, wherein the displacing means is arranged to displace 
the beginnings of the period-lengths by a fraction of a chip. 
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Frame = 38400 chips 



PCP = 1/15 of frame = 2560 chips 



slot = 1/10 of PCP = 256 chips 



Figure 1 
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